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Spin und magnetisches Moment
von Elektronen und Kernen
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Information accessible by EPR

" local structure of transition metal ions with unpaired

electrons:
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Information accessible by EPR

" local structure of transition metal ions with unpaired
electrons:
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® nature of radicals (¢C,H,, ¢O,", «O", «OH, ¢OOH)
® conduction electrons of small metal particles

® size and shape of ferro- or ferrimagnetic resonance of
metal particles (e. g. Ni% or metal oxide particles (e. g.
Fe,0O,)



Energie von Elektronen im auf3eren Magnetfeld
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g - Anisotropie des ESR-Spektrums von VO?4*
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Pulver-ESR-Spektrum
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Kopplung von Elektronen- und Kernspin

ENERGY

S =1,

=15

Beispiel: H-Atom
i, = 90,68 mT

Anzahl der Hyperfeinlinien:
21, +1)(21,+1)..... (21, + 1)

Bei Kopplung mit n aquivalenten
Kernen:

@2nl + 1)

A, Z%W%ﬂwl




Anisotropie der Hyperfeinkopplung von VO?*
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Pulver-ESR-Spektrum von VO?*
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Abhangigkeit des V4*-ESR-Spektrums von der
Koordinationsgeometrie (oktaedrisch, VO?4*)
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Abhangigkeit des V4*-ESR-Spektrums von der

Koordinationsgeometrie (tetraedrisch)
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EPR von V3* (d?)
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Intensitat von EPR-Signalen
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Temperaturabhangigkeit der Signalintensitat
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Magnetische Wechselwirkung von VO?*in (VO),P,0,

Spin-spin exchange

strong

weak

Measure of exchange efficiency:
AE — exchange energy

J —exchange integral
(when crystal structure is known)
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EPR — apparative Detalils
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Einfluss der Mikrowellenfrequenz

Band | v/GHz | Bg/mT | A/cm
L 1,5 54 19,9
S 3,0 111 9,3
X 9,5 350 2,9
K 25,0 890 1,1
Q 35,0 1250 0,8
W 95,0 3400 0,3
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Modulation und Signalform
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Operando-EPR/UV-vis/Raman-Kopplung am ACA

UAVAVITS GAVAVILS

light source spectrometer

teflon sealing
fibre optical sensor

catalyst (20-500 mg)
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mixture

=il = 'j EPR cavity

Raman laser i quartz wool

785 nm L quartz dewar
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products to GC

A. Brickner, Chem. Commun. (2005) 1761.



Anwendungsbeispiel |

Oxidative Dehydrierung von Propan an
einem 6 % V/TIO, — Tragerkatalysator

CH, — CH, — CHj + % O, % CH, — CH = CH, + H,0



6% V/anatase (2.2% sulfate)
8.3 % C;Hg, 8.3 % O, / N, up to 250°C

T 01925 A=1992G

calc. ﬁ? ﬁ?
ol Q\ O- @)
feed, 250°C A/\’/ O/V <o—V \/O
| W HIH H
feed, r.t. |
—_—— e 3
v 1 X10
air, r.t.
S 945 N OA A4
| VAT
! -3
g = 1.983, AII =176.3G =
0,4 :2
JASN
G) |-
% 0,31 0- L0
E rrrrprTrTT T Ty T T T T T T
S0.2- 1050 1000 950 800 600 400
< Raman shift / cm?
0,1 .

300 400 500 600 700 800
Al nm



8.3 % C,H,, 8.3 % O, / N, at 250 — 450 °C
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8.3 % C,H,, 8.3 % O, / N, at 250 — 450 °C
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Nature of two different isolated VO?2*
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Nature of two different isolated VO?2*
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Influence of sulfate
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» on sulfate-free anatase only species B observed
A. Brickner et al., Z. Anorg. Allg. Chem. 631, 60, 2005

» hints for bonding of VO2*and/or VO3 to SO, also from FTIR and
thermal analysis

‘ sulfate might stabilize VO?* as active species on the surface
prevents reduction to V3*
prevents agglomeration
prevents diffusion into the bulk of the support
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